The medicinal herb, Panax notoginseng, has been used for thousands of years in traditional Chinese medicine and possesses anti-inflammatory properties. Dendritic cells (DCs) play a central role in the regulation of both inflammation and adaptive immunity. The aim of this study was to investigate the potential for notoginseng extracts to modulate Toll-like receptor (TLR) ligand-induced activation of cultured DC2.4 cells. Following stimulation with LPS, CpG or poly(I:C) and treatment with 0-50 g/ml notoginseng extract for 24 h, DCs were evaluated for various phenotypic and functional readouts. Notoginseng reduced the LPS-, CpG-and poly(I:C)-induced production of TNF-␣ by DC2.4 cells. Also, IL-6 production by notoginseng-treated cells stimulated with LPS and CpG but not poly(I:C) was reduced when compared to controls. TLR ligand-induced CD40 expression was attenuated by notoginseng. In contrast, notoginseng decreased CD86 levels on DCs activated with LPS and poly(I:C) but not CpG. Inhibition of TNF-␣ production was time-dependent in LPS-stimulated cells, occurring only with pretreatment or concurrent treatment of notoginseng but not after delayed addition of the herbal extract. Additionally, ginsenoside Rg1 more effectively inhibited LPS-stimulated cytokine production by DC2.4 cells than ginsenoside Rb1. Taken together, these results demonstrate that notoginseng inhibits the production of specific inflammatory molecules and innate immune responsiveness by DCs following TLR activation.
Introduction
Dendritic cells (DCs) are the primary professional antigen presenting cells of the immune system. They have the specialized ability to recognize, capture and process antigen (Ag) in both peripheral blood and tissues (Figdor et al., 2004) . Like other immune cells, DCs are capable of recognizing microbial components using pattern-associated molecular patterns (PAMPs) that are common constituents of bacteria and viruses. Many PAMPS bind to specific pattern-recognition receptors on DCs, including Toll-like receptors (TLRs) resulting in immune activation. TLR stimulation leads to up-regulation of inflammatory mediators such as the pro-inflammatory cytokines TNF-␣ and IL-6. Subsequently, DCs mature and migrate to secondary lymphoid organs, where they interact with naïve T cells and induce antigen-specific immune responses (Geijtenbeek et al., 2004) . This process of DC maturation includes the sequential loss of endocytotic/phagocytic receptors, upregulation of costimulatory molecules such as CD40 and CD86, and changes in morphology (Banchereau et al., 2000) .
Toll-like receptors are a major family of cell-bound patternrecognition receptors that sense infection via recognition of PAMPs and signal DCs for activation. For example, TLR3 recognizes viral double-stranded RNA and induces innate immunity, TLR4 is the primary LPS receptor and TLR9 is the receptor for bacterial DNA (Tsujimoto et al., 2006) . Natural and synthetic ligands such as poly(I:C), LPS and CpG have been used extensively to model microbial activation of TLR3, TLR4 and TLR9, respectively. Binding of ligands to these TLRs induces nuclear factor kappa B (NFB) activation and subsequent upregulation of numerous immune and inflammatory genes (Banchereau et al., 2000; Hoshino et al., 2002) . Studies suggest modulation of these immune and inflammatory mediators can regulate the generation, development and progression of several inflammatory diseases including rheumatoid arthritis and atherosclerosis (Sharma and Li, 2006; Wang et al., 2006) . Because DCs are key regulators of inflammation and immunity, one viable approach for the treatment of inflammatory and autoimmune diseases may be found via the intentional modulation of DC fate and function (Figdor et al., 2004; Pulendran et al., 1997) .
In the last decade there has been a dramatic increase in the use of dietary supplements including herbal products. Information about the safety and efficacy of most natural products is vastly inadequate. This insufficiency stems from an unregulated industry, which is in stark contrast to the tightly regulated pharmaceutical industry. Under the Dietary Supplement Health and Education Act of 1994, supplements in the U.S. are not subjected to the same safety requirements that apply to prescription and over-the-counter medications (Berman and Straus, 2004; Institute of Medicine, 2005) . This means that unlike conventional drugs, manufacturers of natural products are not required to conduct rigorous tests to demonstrate safety, efficacy or mechanisms of action (Goldma, 2001; Institute of Medicine, 2005) . Recently, a survey by the U.S. National Academy of Sciences showed that a majority of consumers believe that herbs are just as safe, effective and cost-efficient as non-herbal medicines (Klepser and Klepser, 1999) . In light of these beliefs and the increased usage of herbals, rigorous investigation is needed to demonstrate safety, mechanisms of action and efficacy of these products (Berman and Straus, 2004) .
Ginseng is a widely consumed medicinal herb, both in the United States and worldwide (Barnes et al., 2004) . Over thirteen different species of ginseng have been identified. Within the Panax genus, extracts of Panax notoginseng typically contain higher ginsenoside concentrations than formulations of the more widely used Panax ginseng (Harkey et al., 2001 ). Ginsenoside compounds are saponins which are unique to the Panax species and are purported to possess the primary pharmacological activity of ginseng (Harkey et al., 2001) . These compounds are also used as markers for quality control and standardization of Panax species. Over twenty different saponins have been identified in notoginseng including ginsenosides, notoginsenosides and gypenoside (Dong et al., 2003) . Of these, the ginsenosides Rg1, Rb1, Rd1 and notoginsenoside R1 are considered the major bioactive components (Dong et al., 2003) .
To date, several studies exist describing the immunomodulatory effects of notoginseng and ginsenosides; however, specific mechanisms of action of these phytochemicals remain to be defined. Some of the reported immunologic effects of notoginseng and its constituents include the anti-allergic and anti-inflammatory activities of ginsenoside Rh1 (Park et al., 2004) , a reduction in TNF-␣ levels by ginsenoside Rb1 (Smolinski and Pestka, 2003) , an increase in both humoral and cell-mediated immune responses by ginsenoside Rg1 (Kwan, 1995) , and a decrease in phospholipase 2 activity and neutrophil numbers by whole Panax notoginseng extract (Li and Chu, 1999) . Additionally, metabolites of notoginseng have been shown to promote human dendritic cell maturation and Th1 polarization in vitro (Fogel-Petrovic et al., 2004) .
Previously, we have demonstrated that Panax notoginseng has immunomodulatory effects on murine macrophages in vitro (Rhule et al., 2006) . In the present study we hypothesized that notoginseng will reduce the production of inflammatory mediators in TLR ligand-stimulated murine dendritic cells. To test our hypothesis, DC2.4 cells were stimulated with LPS, CpG or poly(I:C) and treated with notoginseng. The production of pro-inflammatory cytokines as well as the expression of accessory molecules important in DC activation and function were assessed following notoginseng treatment. Concentration-and time-dependent studies were carried out using LPS as the prototypical inflammatory stimulus. Finally, the effects of the purified ginsenosides Rb1 and Rg1 on LPS-induced TNF-␣ and IL-6 production were compared to our whole notoginseng extract. Our results demonstrate for the first time the immunomodulatory effects of notoginseng and purified ginsenosides on murine DCs in response to several TLR ligands. These results demonstrate that notoginseng selectively attenuates the production of proinflammatory mediators by DC2.4 cells following stimulation in vitro.
Materials and methods

Chemicals
Notoginseng (NotoG TM ) extracts from the plant, Panax notoginseng (Burk) F.H. Chen ex C.Y. Wu and K.M. Feng were generously provided by Technical Sourcing International, Inc. (TSI, Missoula, MT). Notoginseng was extracted from the root of the plant using ethanol and contained high levels of the ginsenosides Rb1 and Rg1 (35 and 34% of the whole extract, respectively) as determined by HPLC analysis (unpublished data). Notoginseng extracts did not contain detectable levels of Escherichia coli or Salmonella enterica (unpublished data). Certification of analyses was approved by Xia Ronglong (QA manager, TSI). The extract was dissolved in complete media (see below) or culture-grade DMSO (Sigma-Aldrich, St. Louis, MO) and sterile-filtered through a 0.22 M Millipore membrane. The purified ginsenosides Rb1 (CAS number: 41753-43-9) and Rg1 (CAS number: 22427-39-0) were purchased from Indofine Chemical Company, Inc. (Hillsborough, NJ). Lipopolysaccharide (LPS) from Escherichia coli (055:B5) was obtained from Sigma-Aldrich, and CpG oligonucleotide and poly(I:C) were purchased from InvivoGen (San Diego, CA).
Cell culture
DC2.4 cells, a murine dendritic cell line (Zhenhai et al., 1997) , were kindly provided by Dr. Kenneth Rock (University of Massachusetts Medical Center, Worcester, MA). Cells were grown in complete media comprised of DMEM (GibcoBRL, Grand Island, NY), supplemented with 10% FBS (Hyclone, Logan, UT), 10 mM HEPES, 2 mM l-glutamine and 50 g/ml gentamicin (GibcoBRL). DC2.4 cells were maintained at 37 • C in a humidified incubator with 5% CO 2 . Cells were maintained via weekly passage and utilized for experimentation at 60-80% confluency.
Cell activation and treatment
DC2.4 cells (1 × 10 6 ) were cultured in 1 ml complete media for 24 h in 6-well plates. Cells were then stimulated with 1 g/ml LPS, 0.5 M CpG or 12.5 g/ml poly(I:C) and treated with varying concentrations of notoginseng or purified ginsenosides for an additional 24 h. In some experiments, DC2.4 cells were pretreated with notoginseng for 24 h before LPS stimulation. Supernatants were collected after 24 h and frozen at −20 • C for subsequent evaluation of cytokines. Additionally, cells were harvested for flow cytometric evaluation of costimulatory molecules.
Cytokine assays
Levels of IL-6 and TNF-␣ in supernatants from cultured cells were analyzed by enzyme-linked immunosorbent assay (ELISA). Samples were evaluated per the manufacturer's recommendations using mouse cytokine-specific BD OptEIA ELISA kits (BD PharMingen, San Diego, CA).
Flow cytometry
The expression of costimulatory molecules on DC2.4 cells was determined by flow cytometric analysis as previously described (Shepherd et al., 2001) . Briefly, DC2.4 cells were harvested and washed with PAB (1% bovine serum albumin and 0.1% sodium azide in PBS). Non-specific staining of cells was blocked with 30 g per sample of purified rat and/or hamster IgG (Jackson ImmunoResearch, West Grove, PA). Fluorochrome-conjugated antibodies to mouse CD86 and CD40, and their corresponding isotype controls were purchased from BD Pharmingen. One hundred thousand events per sample were collected from viable cells (as determined by light scatter profiles and PI staining) using a BD FACSAria flow cytometer, analyzed by FACSDiva (version 4.0) software (BD Biosciences, San Jose, CA) and histograms generated using FCS Express (version 3) software (De Novo Software, Thornhill, Ontario).
NFκB assay
DC2.4 cells (1 × 10 6 cells per well) were stimulated with 1 g/ml LPS and treated with 50 g/ml notoginseng for 0, 30 and 90 min in 6-well plates. At each time point, cells were harvested and nuclear protein extracts prepared using the Active Motif nuclear lysis kit (Active Motif, Carlsbad, CA). Protein content of nuclear extracts was measured using a BCA protein assay kit (Pierce, Rockford, IL). NFB p65 binding activity was determined using the Active Motif TransAM NFB p65 kit according to the manufacturer's directions. Briefly, 2.5 g of nuclear protein was incubated for 1 h in a 96-well plate coated with the NFB consensus oligonucleotide sequence (5 -GGGACTTTCC-3 ). NFB p65 specific binding was quantified by absorbance (450 nm) using a VersaMax spectrophotometer (Molecular Devices, Sunnyvale, CA).
Statistics
All statistical analyses were performed using GraphPad Prism 4.0a for the Macintosh (GraphPad Software, San Diego, CA). Differences between two means were analyzed by Student's t-test. Data sets with multiple comparisons were evaluated by one-way analysis of variance (ANOVA) with Dunnett's posttest. Values of p < 0.05 were determined to be significant.
Results
Notoginseng inhibits LPS-induced TNF-α and IL-6 production by DC2.4 cells
In this study, the immunomodulatory effects of notoginseng were characterized using DC2.4 cells, a murine dendritic cell line. DC2.4 cells were stimulated with 1 g/ml LPS and concomitantly treated with 0, 5, 25 or 50 g/ml notoginseng. In unstimulated DC2.4 cells, notoginseng did not evoke either TNF-␣ or IL-6 release above basal levels even at the highest concentration used ( Fig. 1A and B, respectively). The addition of LPS resulted in a 2-and 23-fold increase in the production of TNF-␣ and IL-6, respectively. Notoginseng significantly inhibited the production of both TNF-␣ and IL-6 in a concentration-dependent manner. At the highest concentration of notoginseng tested (50 g/ml), LPS-induced TNF-␣ production was reduced approximately 2-fold. In addition, nearly a 3-fold reduction in IL-6 production was observed at the 50 g/ml concentration. Importantly, the reduction in LPSinduced cytokine production was not due to cytotoxicity, as viability of cells was similar to controls at all concentrations of notoginseng examined as assessed by trypan blue exclusion (data not shown).
The effects of notoginseng on TNF-α production are time-dependent
Notoginseng was evaluated for its potential to suppress TNF-␣ production by DC2.4 at varying time points relative to LPS stimulation. DC2.4 cells were either pretreated with 50 g/ml of notoginseng for 24 h prior to LPS addition (−24 h time point), treated with notoginseng and LPS simultaneously (0 h), or treated with notoginseng 8 h after LPS addition (+8 h). All samples were collected 24 h after LPS exposure. As expected, concomitant treatment of DC2.4 cell with LPS and notoginseng significantly suppressed the production of TNF-␣ after 24 h of culture by more than 50% (Fig. 2) . Pretreatment of DC2.4 cells with notoginseng for 24 h resulted in a 20% decrease in TNF-␣ levels. In a separate experiment, removal of notoginseng from the medium after 24 h of pretreatment, but prior to LPS stimulation, also resulted in suppression of TNF-␣ following additional 24 h incubation with LPS (data not shown). In contrast, addition of notoginseng 8 h after LPS stimulation did not significantly inhibit TNF-␣ secretion, although a trend towards decreased levels was observed (Fig. 2) . Fig. 1 . Notoginseng suppresses LPS-induced TNF-␣ and IL-6 production by DC2.4 cells. DCs were treated with 0, 5, 25 or 50 g/ml of notoginseng and/or LPS (1 g/ml). Supernatants were collected after 24 h and assayed for TNF-␣ (A) and IL-6 (B) production as described in Section 2. Data represents mean ± S.E.M. of three samples. Hash (#) indicates significant differences between LPS-stimulated and unstimulated cells; asterisk (*) indicates significant differences between the LPS-stimulated control-and notoginseng-treated samples (p < 0.05). Data are representative of three independent experiments.
Notoginseng modulates the production of TNF-α and IL-6 by DCs stimulated with additional TLR ligands
Dendritic cells can be activated to secrete pro-inflammatory cytokines by numerous pathogens expressing different TLR ligands. In this regard, the responsiveness of DCs to varied TLR ligands following exposure to notoginseng was examined. DC2.4 cells were stimulated with 1 g/ml LPS, 0.5 M CpG or 12.5 g/ml poly(I:C) and concomitantly treated with 50 g/ml notoginseng. The addition of LPS, CpG and poly(I:C) significantly increased the production of TNF-␣ by DC2.4 cells (Fig. 3A) (Sparwasser et al., 1998; Tsujimoto et al., 2006) . Notoginseng inhibited the production of TNF-␣ by 46, 36 and 50% for LPS, CpG and poly(I:C), respectively (Fig. 3A) . There was a significant increase in the production of IL-6 in LPS and CpG-stimulated samples while, barely detectable levels of IL-6 were present with poly(I:C) stimulation (Fig. 3B) . Notoginseng reduced the levels of IL-6 in the LPS-and CpGstimulated samples (Fig. 3B) . In contrast, notoginseng did not inhibit the limited production of IL-6 by the poly(I:C)-stimulated DC2.4 cells (Fig. 3B) . As previously observed, the reduction in TLR-induced cytokine production was not due to cytotoxicity, as viability of notoginseng-treated cells was similar to controls as determined by trypan blue exclusion (data not shown). Fig. 3 . Notoginseng selectively reduces TLR ligand-induced production of TNF-␣ and IL-6 by DC2.4 cells. DCs were unstimulated or stimulated with LPS, CpG or poly(I:C) and concurrently treated with 50 g/ml notoginseng (NG) for 24 h. Supernatants were collected and assayed for TNF-␣ and IL-6 production by ELISA. Data represents mean ± S.E.M. of three samples. Hash (#) indicates significant differences between stimulated and unstimulated cells; asterisk (*) indicates significant differences between the TLR ligand-stimulated control-and notoginseng-treated samples (p < 0.05). Data are representative of three independent experiments.
Expression of TLR-induced costimulatory molecules by DCs is selectively affected by notoginseng
Because of the observed immunomodulatory effects of notoginseng on TLR-induced cytokine production, the potential for notoginseng to modulate costimulatory molecule expression on activated DCs was examined by flow cytometry. DC2.4 cells were treated concomitantly with each of the three TLR ligands and 50 g/ml of notoginseng. The fluorescence intensity of two critical costimulatory molecules, CD40 and CD86, was assessed. Stimulation of DC2.4 cells with LPS, CpG and poly(I:C) significantly increased the expression of CD40 (Table 1 and Fig. 4) (Sparwasser et al., 1998) . CD86 expression was significantly increased following LPS and poly(I:C) stimulation, but not with CpG stimulation (Fig. 4) . Treatment of unstimulated DC2.4 cells with notoginseng did not affect CD40 expression; however, CD86 levels were decreased following exposure to the herbal extract alone (data not shown). Notoginseng treatment decreased CD40 expression on DCs stimulated with all examined TLR ligands (Fig. 4) . Likewise, CD86 expression was reduced on notoginseng-treated DC2.4 cells that were stimulated by LPS or poly(I:C). In contrast, there was an increase in CD86 expression in CpG-stimulated, notoginseng-treated samples.
The effects of purified ginsenosides Rb1 and Rg1 on TNF-α and IL-6 production in LPS-stimulated DC2.4 cells
Ginsenosides are believed to be responsible for the biological activity of notoginseng. The notoginseng extract used in our studies is comprised of several ginsenosides, primarily Rb1 (35%) and Rg1 (34%). Therefore, the potential inhibitory effects of the purified ginsenosides Rb1 and Rg1 on LPS-induced TNF-␣ and IL-6 production were evaluated in DC2.4 cells. To more closely mimic the approximate concentrations of ginsenosides present in the whole extract, Rb1 and Rg1 were standardized to concentrations found in 50 g/ml of the whole notoginseng extract. Following LPS activation of DC2.4 cells, Rg1 significantly inhibited both TNF-␣ and IL-6 production ( Fig. 5A and  B) . In contrast, Rb1 only inhibited the production of IL-6 and was less potent when compared to Rg1. Neither ginsenoside reduced the production of either TNF-␣ or IL-6 as effectively as the whole notoginseng extract. Interestingly, combination of the purified Rb1 and Rg1 compounds did not significantly decrease the production of either cytokine.
Notoginseng does not alter LPS-induced NFκB p65 activity in DC2.4 cells
Translocation of NFB to the nucleus is important for TLR ligand-induced inflammatory mediator production by dendritic cells. Given that notoginseng decreased the activation of DCs in our previous experiments and ginseng extracts have been shown to modulate NFB activation in other immune cells, the effects of notoginseng on NFB p65 nuclear levels were examined. DC2.4 cells were either unstimulated (0 min), or stimulated with LPS for 30 or 90 min and concurrently treated with 50 g/ml notoginseng. Samples were then harvested and the nuclear fraction evaluated for NFB p65 binding activity. LPS stimulation of DC2.4 cells resulted in increased NFB p65 levels at both time points (data not shown). However, notoginseng did not significantly affect NFB p65 activity in the cultured DCs.
Discussion and conclusions
Dendritic cells play an important role in the innate immune response to microbial pathogens (Granucci et al., 2005) . Several studies have reported the effects of ginseng on various immune cell types; however, no information exists describing its effects on murine DCs. Previous studies on the effects of notoginseng on innate immunity have primarily focused on LPSactivated leukocytes. For this reason, we chose to examine the potential immunomodulatory effects of notoginseng on murine dendritic cells following stimulation with several TLR ligands, including LPS. Specifically, the effects of notoginseng on DC2.4 cells were examined following activation of TLR3, TLR4 and TLR9 by poly(I:C), LPS and CpG, respectively. The production of two critical inflammatory cytokines TNF-␣ and IL-6 were evaluated, as they are produced early during DC activation. Moreover, TNF-␣ is involved in the maturation of DCs. Along with IL-6, TNF-␣ can rapidly induce expression of costimulatory molecules such as CD86 on DCs thereby enhancing their interactions with T cells (Fujii et al., 2004) . As LPS is a prototypical inflammatory stimulus, the effects of notoginseng were initially characterized following TLR4 activation. Notoginseng decreased the production of TNF-␣ and IL-6 by LPS-activated DC2.4 cells. Furthermore, these effects were demonstrated to be time-and concentration-dependent. Both pretreatment and concomitant notoginseng treatment significantly reduced TNF-␣ production. The effects were evident even when notoginseng was removed from the media prior to LPS stimulation of the dendritic cells (data not shown). These results suggest that notoginseng may bind to an external receptor on the DC2.4 cells, may be taken up by the DCs, or potentially both. Additionally, the actions of notoginseng most likely occur via intracellular changes, and not by binding LPS and preventing it from activating its receptor, as its presence is not required for the inhibition of TNF-␣. When DCs were exposed to notoginseng 8 h after LPS stimulation, no significant inhibitory effects were identified on TNF-␣ production. These results suggest that notoginseng may affect early signaling events in DCs following LPS-induced activation.
As previously mentioned, activation of DCs can occur by a variety of pathogens through different TLRs (Napolitani et al., 2005) . In these experiments, LPS, CpG and poly(I:C) were used to model stimulation of DCs by both bacterial and viral pathogens (Sioud, 2006) . Notoginseng reduced the production of TNF-␣ by DC2.4 cells in response to each of the TLR ligands tested while IL-6 production was reduced following LPS and CpG, but not poly(I:C) stimulation. Because the TLR-induced production of both of these pro-inflammatory cytokines was not completely abolished by notoginseng, DC function may not be significantly diminished. Thus, notoginseng may inhibit the inflammatory responsiveness of DCs without significantly affecting their ability to initiate adaptive immunity. If so, this medicinal herb might be expected to benefit individuals infected with microbial pathogens by limiting the production of inflammatory mediators such as TNF-␣ and IL-6 without affecting the generation of pathogen-specific adaptive immunity. This possibility is consistent with a previous report demonstrating that notoginseng-treated mice were less susceptible to the ill effects of experimental sepsis, effects which the authors attributed to a decreased inflammatory response to infection (Ahn et al., 2006) .
The expression of TLRs can vary within different DC subpopulations (Krug et al., 2001) . Currently, no information exists on the levels of expression for different TLRs in DC2.4 cells. Further experiments are therefore needed to characterize the level of expression of TLR3, TLR4 and TLR9 in DC2.4 cells to permit better understanding of how notoginseng may affect their expression and function. Also, it is becoming widely accepted that pathogens will trigger multiple TLRs during the course of infection. Thus, additional experiments designed to evaluate the effects of notoginseng on DCs stimulated with multiple TLR ligands would be expected to greatly enhance our understanding of the innate immune responsiveness of DCs.
Interactions between accessory/costimulatory molecules on DCs and their ligands expressed on T cells are critical for the full activation of T cells (Banchereau et al., 2000) . Ligation of CD40 on DCs acts as a maturation signal, enhancing antigen presentation and the expression of other costimulatory molecules; while CD86 is believed to be the most critical molecule for the amplification of T cell responses (Banchereau et al., 2000; Fujii et al., 2004) . Previous studies from our laboratory demonstrated that notoginseng reduced the LPS-induced expression of both CD40 and CD86 on RAW 264.7 cells (Rhule et al., 2006) . Similarly, CD86 and CD40 expression on LPS-activated DC2.4 cells was reduced using similar concentrations of notoginseng. Both molecules on DCs were also reduced by notoginseng treatment following poly(I:C) stimulation. In contrast, CD40 but not CD86 expression was reduced on DC2.4 cells stimulated with CpG. Current studies in our laboratory are evaluating the functional significance of the notoginseng-induced changes in costimulatory molecule expression on DCs.
Ginsenosides are unique to the ginseng species and are believed to be the biologically active components of notoginseng. Because of the wide variability in the types and concentrations of ginsenosides present in ginseng extracts, it is crucial to define the immunomodulatory potential of different ginsenosides. In this study, the ginsenoside Rg1 inhibited the production of both TNF-␣ and IL-6, while Rb1 only affected the production of IL-6. Unexpectedly, when Rg1 was combined with Rb1, the inhibitory effect of Rg1 was lost. This result could be due to a number of factors including differential effects of Rb1 and Rg1 on cell membrane permeability, on the activation of disparate receptors and/or signal transduction pathways, or perhaps via the partial antagonism of Rg1 by Rb1 (Attele et al., 1999) . These possibilities are consistent with a number of studies reporting that complex ginseng extracts can differentially affect immune cell function based on their specific ginsenoside profiles (Cho et al., 2001; Cho et al., 2002; Guermonprez et al., 2002; Joo et al., 2005) . Future studies will therefore be required to elucidate the complex nature of ginsenoside interactions in dendritic cells.
The transcription factor NFB plays an important role in the regulation of multiple signaling pathways that control the activation of many immune cells (Celec, 2004; Glass and Ogawa, 2006) . TLR ligands activate NFB proteins in DCs and subsequently affect their fate and function (Wang et al., 2007) . Several studies using components of notoginseng suggest that these products may inhibit NFB activation (Ahn et al., 2006; Chung et al., 1998; Keum et al., 2003) . In our studies, notoginseng did not affect NFB p65 activation. Thus, it is likely that this herbal exerts its anti-inflammatory effects through other pathways such as MAPK and AP1, or through other NFB family members such as RelB or cRel. Alternatively, because DC2.4 cells are an immortalized cell line that are not terminally differentiated, they may respond differently than primary DCs following exposure to notoginseng. This observation is consistent with recent studies in our laboratory in which notoginseng reduced NFB p65 nuclear levels and activity in LPS-stimulated bone marrowderived dendritic cells (manuscript in preparation).
In summary, this study demonstrates that notoginseng inhibits the production of TNF-␣ and selectively decreases IL-6 production by DCs following TLR activation. Similarly, notoginseng differentially affected the expression of the costimulatory molecules CD40 and CD86 on DCs following activation by different TLR ligands. Collectively, our results demonstrate that notoginseng can decrease the inflammatory responsiveness of DCs to bacterial or viral stimuli. Further studies are needed to examine directly if the notoginseng-induced decreases in cytokines and accessory molecules by DCs alters their ability to initiate T cell-dependent adaptive immunity.
